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Description

TECHNICAL FIELD

[0001] The present invention relates to a weld fairing
apparatus and a welding method using the apparatus.

BACKGROUND ART

[0002] Hereinbelow, as an example of the related art
of the present invention, a welding technique for produc-
ing welded products using high energy density beams
such as laser beams will be described. The high energy
density beams have high energy input per unit area of
beam, thus effectively increasing the weld strength of
weld metal zones in welded products. In recent years,
as shown in FIG. 16 and FIG. 17, a laser beam is pref-
erably used for welding a plurality of pieces of sheet ma-
terial 1X and 2X together to produce a welded product.
[0003] Japanese Patent Publication No. Hei. 2-43590
(first cited patent document) discloses a butt seam weld-
ing technique, in which ends of thin steel sheets are butt-
ed and welded together using a laser beam. In the butt
seam welding technique, welding is executed under the
condition that the laser beam is transmitted through an
optical fiber, with the spot diameter of the beam set to
two or more times the thickness of each of the steel
sheets, or ten or more times the gap between the butted
ends of the steel sheets, and the energy density of the
beam set lower than a level capable of generating plas-
ma.

[0004] In addition, Japanese Patent Laid-open Publi-
cation No. Sho. 62-101382 (second cited patent docu-
ment) discloses a method of welding the flanges of a
pulley to each other, in which an electrode is placed to
come into contact with the outer circumferential surfaces
of the flanges (the outer diameter end surfaces of the
flanges) from the outside, ring-shaped compression
discs, which are made of a nonconductive and heat-re-
sistant ceramic material, are placed outside the side sur-
faces of the respective flanges and compress the flanges
in the thickness direction of the flanges, and, thereafter,
a welding current flows to the electrode, thus generating
Joule heat to weld the flanges together.

[0005] According to the above-mentioned related art,
as shown in FIG. 17, a weld metal zone 5X is formed
between the butted surfaces of the pieces of sheet ma-
terial 1X and 2X. Further, it is necessary to increase the
weld strength and the weld reliability of the weld metal
zone 5X. However, when the heat input by a laser beam
is increased in order to increase the depth of weld pen-
etration in the weld metal zone 5X, humping is generated
in the weld metal zone 5X, as shown in FIG. 18, and thus
a humping bead may be formed in the weld metal zone
5X. The technical term "humping bead" means a bead
that may be formed in a weld metal zone when molten
weld metal in the weld metal zone is humped, thus caus-
ing uneven thickness of the weld metal zone in a welded
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product.

[0006] Described in brief, the first and second cited
patent documents are problematic in that an increase in
the heat input by the laser beam undesirably forms a
humping bead in the weld metal zone.

DISCLOSURE OF THE INVENTION

[0007] Accordingly, the present invention has been
made keeping in mind the above problems occurring in
the related art, and an object of the present invention is
to provide a weld fairing apparatus and a welding method
using the apparatus, which effectively prevent a humping
bead from being formed in a weld metal zone.

[0008] In orderto achieve the above object, according
to one aspect of the present invention, there is provided
a welding method, in which a first object piece and a
second object piece are butted together and are heated
by a heating device, thus forming a weld metal zone, the
method comprising: placing a fairing device such that the
fairing device is in contact with the weld metal zone, thus
fairing the weld metal zone. Because the weld metal zone
is faired by the fairing device, the formation of a humping
bead in the weld metal zone can be prevented. Thus,
although the heat input by a laser beam is lower or higher
than areference level, the formation of the humping bead
in the weld metal zone can be prevented. Because the
formation of the humping bead in the weld metal zone
can be prevented even when the heat input by the laser
beam is higher than the reference level, the heat input
can be increased so as to increase the depth of weld
penetration in the weld metal zone and improve the weld
reliability of the weld metal zone.

[0009] According to another aspect of the present in-
vention, there is provided a weld fairing apparatus, which
is used for fairing a weld metal zone that is formed by
heating butted first and second object pieces using a
heating device, the weld fairing apparatus comprising a
fairing device having a contact surface for coming into
contact with the weld metal zone and fairing the weld
metal zone. Because the weld metal zone can be faired
by the fairing device, the formation of the humping bead
in the weld metal zone can be prevented, so that, al-
though heat input by a laser beam is lower or higher than
a reference level, it is possible to prevent the formation
ofthe humping bead in the weld metal zone. As described
above, the humping bead is prevented from being formed
in the weld metal zone even when high heat is input, so
it is possible to increase the depth of weld penetration in
the weld metal zone and improve the weld reliability of
the weld metal zone by increasing the heat input by the
laser beam.

[0010] Advantages of the Invention

[0011] According to the weld fairing apparatus and the
welding method using the apparatus according to the
present invention, the weld metal zone can be faired by
the fairing device, so that the humping bead can be pre-
vented from being formed in the weld metal zone. Thus,
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even when a step is defined between a first object piece
and a second object piece, or the heating conditions for
welding are varied, desired weld metal zones can be
formed, thus increasing the freedom of welding condi-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other objects and features of
the present invention will become apparent from the fol-
lowing description of a preferred embodiment, given in
conjunction with the accompanying drawings, in which:
[0013] FIG. 1 is a front view schematically illustrating
a state in which the first edge of a first piece of sheet
material and the second edge of a second piece of sheet
material overlap each other and a laser beam is applied
tothe junction between the overlapping edges of the piec-
es of sheet material, according to a first embodiment of
the present invention;

[0014] FIG. 2 is a front view schematically illustrating
the state in which a laser beam is applied to the junction
of the overlapping first and second edges of the pieces
of sheet material, thus forming a molten weld metal or a
weld bead on the junction;

[0015] FIG. 3 is a front view schematically illustrating
a state in which the weld bead, formed by the laser beam,
is faired by a fairing device;

[0016] FIG. 4 is a side view schematically illustrating
the state in which the weld bead is faired at a position
behind a heat input location of the laser beam during
application of the laser beam to the junction of the over-
lapping edges of the pieces of sheet material;

[0017] FIG. 5 is a plan view schematically illustrating
the state in which the weld bead is faired at the position
behind the heat input location of the laser beam during
application of the laser beam to the junction of the over-
lapping edges of the pieces of sheet material;

[0018] FIG. 6 is a view schematically illustrating the
cross-section of a weld bead;

[0019] FIG. 7 is a copy of a photograph illustrating the
cross-section of a weld bead according to an experimen-
tal example of the first embodiment of the present inven-
tion;

[0020] FIG. 8 is a front view schematically illustrating
the state in which the first edge of a first piece of sheet
material and the second edge of a second piece of sheet
material overlap each other and a laser beam is applied
to the junction between the overlapping edges, according
to a second embodiment of the present invention;
[0021] FIG. 9 is a front view schematically illustrating
the state in which a laser beam is applied to the junction
of the overlapping first and second edges of the pieces
of sheet material according to the second embodiment
of the presentinvention, thus forming a molten weld metal
or a weld bead on the junction;

[0022] FIG. 10is afront view schematically illustrating
the state in which aweld bead, formed by the laser beam,
is faired by a fairing device according to the second em-
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bodiment of the present invention;

[0023] FIG. 11 is a side view schematically illustrating
the state in which a weld bead is faired at a position be-
hind the heat input location of a laser beam during appli-
cation of the laser beam to the junction of overlapping
edges of pieces of sheet material according to a third
embodiment of the present invention;

[0024] FIG. 12is afront view schematically illustrating
the state in which a weld bead, formed by a laser beam,
is faired by a fairing device according to a fourth embod-
iment of the present invention;

[0025] FIG. 13 is afront view schematically illustrating
the state in which a weld bead, formed by a laser beam,
is faired by a fairing device according to a fifth embodi-
ment of the present invention;

[0026] FIG. 14 is a side view schematically illustrating
the state in which a weld bead is faired at a position be-
hind the heat input location of a laser beam during appli-
cation of the laser beam to the junction of overlapping
edges of pieces of sheet material according to a sixth
embodiment of the present invention;

[0027] FIG. 15is a side view schematically illustrating
the state in which a weld bead is faired at a position be-
hind the heat input location of a laser beam during appli-
cation of the laser beam to the junction of overlapping
edges of pieces of sheet material according to a seventh
embodiment of the present invention;

[0028] FIG. 16 is afront view schematically illustrating
the state in which the first edge of a first piece of sheet
material and the second edge of a second piece of sheet
material overlap each other and a laser beam is applied
to the junction between the overlapping edges, according
to the related art;

[0029] FIG. 17 is afront view schematically illustrating
the state in which a laser beam is applied to the junction
of the overlapping first and second edges of the pieces
of sheet material according to the related art, thus forming
a weld bead on the junction; and

[0030] FIG. 18 is a side view schematically illustrating
the state in which the weld bead, formed by the laser
beam, becomes a humping bead according to the related
art.

BEST MODE FOR CARRYING OUT THE INVENTION

[0031] Various embodiments of the present invention
will now be described in detail with reference to the ac-
companying drawings.

[0032] Inthe present invention, a heating device may
be selected from conventional means, such as high en-
ergy density beams, electric arcs, electric currents and
gases. Examples of the high energy density beams are
laser beams or electron beams. Examples of the laser
are a YAG laser, a CO, laser, a ruby laser, an Ar laser
and a glass laser. The first object piece and the second
object piece are preferably made of metal, which can be
melted and welded together by heat, and which may be
selected from ferrous metals or nonferrous metals. The
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ferrous metals may be mild steels, hard steels, or alloy
steels. Examples of the alloy steels are stainless steels.
Examples of the stainless steels may be ferrite steels,
austenite steels, and martensite steels. When the welded
product is a ferrous product, the carbon content in the
product is 1.0% or less, 0.8% or less, 0.5% or less, or
0.3% or less by mass of the product, and further, 0.1%
or less or 0.05% or less by mass of the product. When
the welded product is the ferrous product, it is preferred
that the carbon content in the product be limited, to thus
limit over-tempering.

[0033] Inthe presentinvention, each of the first object
piece and the second object piece is preferably config-
ured as sheet material. Thus, the welded product may
be configured as a structure, fabricated by welding a plu-
rality of pieces of metal-based sheet material together.
Described in detail, to produce a welded product in the
presentinvention, itis preferred that the ends of a plurality
of pieces of sheet material be butted together and that
the butted ends of the pieces of sheet material be heated
to form a weld metal zone, thus welding the plurality of
pieces of sheet material to each other.

[0034] The fairing device is preferably placed behind
part of the butted ends of the pieces of sheet material,
heated by the heating device, in a welding direction. In
the above state, the distance between the part of the
butted ends of the pieces of sheet material, heated by
the heating device, and the fairing device may be a var-
iable distance. When the distance is a variable distance,
the extent of fairing of the weld metal zone can be con-
trolled. When the distance is too long and thus the weld
metal zone becomes too cold, the extent of fairing of the
weld metal zone will be limited. Further, when the dis-
tance is too short and thus the molten weld metal in the
weld metal zone is too abundant, the molten weld metal
may flow out. Thus, it is preferred that the distance be-
tween the part of the butted ends of the pieces of sheet
material, heated by the heating device, and the fairing
device be determined in consideration of the circum-
stances.

[0035] The fairing device may be formed as a com-
pression unit having a contact surface coming into con-
tact with the weld metal zone. For example, the compres-
sion unit may be formed as a rotary unit. When the com-
pression unitis configured as a rotary unit, the rotary unit
is advantageous in that the weld metal zone can be con-
tinuously faired by the rotary unit. The rotary unit may
comprise aroller or an endless unit, such as a caterpillar
or a belt. The rotary unit may be configured as a driven
type or a drive type unit. For example, the fairing device
may comprise a first compression unitand a second com-
pression unit, which are contactable with the weld metal
zone and compress the weld metal zone. At least one of
the first compression unit and the second compression
unit may be configured as a roller, having a contact sur-
face coming into contact with the weld metal zone.
[0036] Further, the distance between the first com-
pression unit and the second compression unit in the
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thickness direction of the weld metal zone may vary. In
the above state, it is possible to properly respond to a
variation in the thickness of the weld metal zone. Further,
the variation in the distance between the first and second
compression units in the thickness direction of the weld
metal zone can control the forging effect of the weld metal
zone.

[0037] Further, the fairing device may comprise an
endless assembly, having contact surfaces that come
into contact with the weld metal zone, and a support for
supporting the endless assembly. The endless assembly
is rotated with the rotary unit of the compression unitwhile
the contact surfaces of the endless assembly come into
contact with the weld metal zone. The endless assembly
may be configured as a belt or a chain. The endless as-
sembly may be configured as a driven type or a drive
type unit.

[0038] According to the present invention, although
high heat is input, the fairing device prevents the forma-
tion of a humping bead in the weld metal zone, thus re-
alizing a high welding speed and increasing the depth of
weld penetration in the weld metal zone by increasing
the heat input by the laser beam. In the above case, when
the first object piece and the second object piece are
pieces of sheet material, the depth of weld penetration
into the weld metal zone is set to HA millimeters and the
thickness of the first sheet material is set to t1 millimeters,
HA/tI=2 to 20, so that the ratio of the depth of weld pen-
etration of the weld metal zone to the thickness of the
first sheet material can be preferably determined to be a
largeratio. Theratioof HAto t1 (HA/t1) can be determined
according to the kind of a welded product. For example,
the ratio of HA to t1 is preferably included within a range
of 2.5t0 20, arange of 2t0 19, arange of 2 to 18, arange
of 2 to 15, or a range of 2 to 10. Further, the lower limit
value of the ratio of HA to t1 is set to, for example, 2.2,
2.5, 3, 3.5, 4 or 5. Further, the upper limit value of the
ratio of HA to t1, which is set in consideration of the lower
limit value, is set to, for example, 20, 15, 10 or 8.
[0039] When the width of the weld metal zone in the
thickness direction is denoted by W, the relationship be-
tween W and t1 may be expressed as W=t1, wherein
the width W of the weld metal zone in the thickness di-
rection is expressed as W=t1x2. Thus, the width W of the
weld metal zone in the thickness direction may be ex-
pressed as W=(t1x2)xa, whereina =0.85t0 1.15 or 0.95
to 1.05.

[0040] Afterthe fairing of the weld metal zone, the weld
metal zone may have an exposed surface, which is ex-
posed in the direction of the depth of weld penetration.
Particularly, after the fairing of the weld metal zone, the
weld metal zone may have two exposed surfaces, which
are exposed outwards in opposite directions. In other
words, the weld metal zone after the fairing may include
a first exposed surface, which is exposed outwards and
faces one thickness direction of the first sheet material,
and a second exposed surface, which is exposed out-
wards and faces the opposite thickness direction of the
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second sheet material. In the above case, the first ex-
posed surface and the second exposed surface of the
faired weld metal zone are exposed outwards, and thus
it is possible to observe the depth of weld penetration in
the weld metal zone from the first exposed surface and
the second exposed surface with the naked eyes, or us-
ing an image pickup device, thus desirably increasing
the strength and reliability of the weld metal zone.
[0041] Inapreferred embodiment ofthe presentinven-
tion, when the first object piece and the second object
piece are pieces of sheet material, the thickness of the
first sheet material is set to t1, and the thickness of the
second sheet material is set to t2, the first exposed sur-
face of the weld metal zone may be defined withinarange
of t1/5 millimeters inside or outside a line extending the
surface of an edge of the first sheet material in the thick-
ness direction of the weld metal zone, and the second
exposed surface of the weld metal zone may be defined
within a range of t1/5 millimeters inside or outside a line
extending the surface of an edge of the second sheet
material in the thickness direction of the weld metal zone.
[0042] Thus, in a preferred embodiment of the present
invention, the first exposed surface of the weld metal
zone may be defined along the line extending the surface
of a first edge of the first sheet material, while the second
exposed surface of the weld metal zone may be defined
along the line extending the surface of a second edge of
the second sheet material. Further, the first and second
exposed surfaces of the weld metal zone may have re-
spective traces, formed by the fairing device. When the
traces are concave or convex traces, it is possible to in-
crease the strength of adherence of paint after painting.
[0043] Further, the weld metal zone may comprise an
exposed surface, which is exposed outwards and face
outwards from one of the first and second pieces of sheet
material, wherein the remaining one (non-welded sheet
material) of the first and second pieces of sheet material
is exposed at the side opposite the exposed surface of
the weld bead. The above-mentioned state may be easily
generated when the heating position of a heat source,
such as a laser beam, deviates from a desired heating
position, or when the first sheet material and the second
sheet material have different thicknesses.

[0044] First Embodiment

[0045] Hereinbelow, a first embodiment of the present
invention will be described in detail with reference to FIG.
1 through FIG. 6. The drawings are schematic views, in
which the construction is not shown in detail. The first
embodiment is adapted to welding the edges of object
pieces together. As shown in FIG. 1, a first piece of sheet
material 1, made of metal, is used as the first object piece,
and a second piece of sheet material 2, made of metal,
is used as the second object piece. To weld the edges
of the pieces of sheet material together, a first edge 11
of the first piece of sheet material 1 overlaps a second
edge 21 of the second piece of sheet material 2. Each
of the first piece of sheet material 1 and the second piece
of sheet material 2 includes a ferrous metal (for example,
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having a carbon content of 0.3% or less by mass, and
more preferably, 0.1% or less by mass). The thickness
of the first edge 11 of the first piece of sheet material 1
is denoted by t1, while the thickness of the second edge
21 of the second piece of sheet material 2 is denoted by
t2, wherein t1=t2, t1=t2, t1<t2 or t1>t2.

[0046] As shown in FIG. 1, before a laser beam 7 is
applied to the overlapping edges 11 and 21, the first end
surface 13 of the first edge 11 of the first piece of sheet
material 1 and the second end surface 23 of the second
edge 21 of the second piece of sheet material 2 are set
flush with each other, thus forming a flat surface. There-
fore, the laser beam 7 can be evenly applied to the over-
lapping edges 11 and 21 and the weld strength of the
weld bead 5 is increased. However, in the present inven-
tion, a step may be defined between the first end surface
13 and the second end surface 23.

[0047] Further, as shown in the schematic view of FIG.
1, the YAG laser beam 7, which is a high energy density
beam used as the heating device, is applied from a laser
source 72 to the end surfaces 13 and 23 of the first edge
11 andthe second edge 21, thus melting the end surfaces
13 and 23. Therefore, a molten weld metal 6 is created
and solidified to form a weld bead 5 as the weld metal
zone. Here, laser beam welding is executed with high
heat input per unit area of beam, thus resulting in quick
heating, and is cooled quickly, thus resulting in quick cool-
ing. Further, while welding, the laser beam 7 is moved
relative to the first edge 11 and the second edge 21 in
the direction of the arrow X1 (welding direction, see FIG.
4). The welding direction means the direction in which
the welding is conducted. In the present invention, the
laser beam 7 may be moved while the first edge 11 and
the second edge 21 are fixed. Alternatively, the first edge
11 and the second edge 21 may be moved while the laser
beam 7 is fixed.

[0048] As schematically shown in FIG. 4, the fairing
device 4 is placed behind a heat input position 7c of the
laser beam 7 in the welding direction. In other words, the
fairing device 4 is placed at the location on which the
laser beam 7 has been applied. The fairing device 4 com-
prises afirstrotary unit 41 (first compression unit), having
a first flat roller surface 43 (first contact surface), and a
second rotary unit 42 (second compression unit), having
a second flat roller surface 44 (second contact surface).
As shown in the schematic view of FIG. 3, the first rotary
unit 41 is rotatably held in a first support 46, while the
second rotary unit42 is rotatably held in a second support
47. In the embodiment, the first rotary unit 41 and the
second rotary unit 42 are configured as driven type units,
which are not connected to a drive motor, thus being
rotatably idle. However, as desired, the first rotary unit
41 and the second rotary unit 42 may be configured as
drive type units connected to a drive motor.

[0049] The first rotary unit 41 and the second rotary
unit 42 have the same diameter. The central axis P1 of
the first rotary unit 41 is parallel to the central axis P2 of
the second rotary unit 42 in a vertical direction. In the
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present invention, each of the first rotary unit 41 and the
second rotary unit 42 may be configured as a structure
having a cooling channel therein to cool the rotary unit.
However, it should be understood that the first rotary unit
41 and the second rotary unit 42 may be configured as
structures that lack cooling channels. Further, the first
rotary unit 41 and the second rotary unit 42 may be made
of a metal or ceramic material. When the first rotary unit
41 and the second rotary unit 42 are made of metal, the
metal rotary units 41 and 42 have high thermal conduc-
tivity, so that they can quickly cool the molten weld metal
or the weld bead 5 in a short period of time. The metal
of the rotary units 41 and 42 may be, for example, ferrous
metal, or copper-, titanium- or aluminum-based metal.
The ceramic material of the rotary units 41 and 42 may
be, for example, alumina, silica, silicon carbide, silicon
nitride or zirconium oxide.

[0050] According to the first embodiment, the distance
L1 (see FIG. 4) between the heat input position 7c of the
laser beam 7 and the fairing device 4 is capable of being
varied. In the above case, the location of the first support
46 and the second support 47 may be moved relative to
the heat input position 7c of the laser beam 7 in the weld-
ing direction (the direction of the arrow X1). Here, when
the first piece of sheet material 1 and the second piece
of sheet material 2 are fixed, the heat input position 7c
of the laser beam 7 may be moved relative to the fixed
first and second pieces of sheet material 1 and 2. When
the heat input position 7c of the laser beam 7 is moved
as described above, itis preferred to make the first rotary
unit 41 and the second rotary unit 42 follow the heat input
position 7c of the laser beam 7.

[0051] Further, when the heat input position 7c of the
laser beam 7 is fixed, the first piece of sheet material 1
and the second piece of sheet material 2 may be moved
relative to the heat input position 7c of the laser beam 7.
In the above case, the first rotary unit 41 and the second
rotary unit 42 may fixed at their locations. Alternatively,
the first and second rotary units 41 and 42 may be mov-
able relative to the heat input position 7c of the laser
beam 7, so that the distance L1 can vary.

[0052] The distance L1 (see FIG. 4) is equal to the
distance between the heat input position 7c of the laser
beam 7 and the position LB, whereas the distance LA
between the first rotary unit 41 and the second rotary unit
42 is minimized. In the present invention, the distance
L1 may be appropriately determined in accordance with
the welding conditions. For example, the distance L1 may
be set within the range of 0<L1<100mm or 0<L1<50mm,
and particularly 0<L1<30mm. In the present invention, it
is possible to select the fairing temperature of the weld
bead 5 by changing the distance L1 while the weld bead
5 is fairing by the fairing device 4. For example, the weld
bead 5 may be faired by the fairing device 4 while the
outer surface and the interior of the weld bead 5 become
solidified. Alternatively, the weld bead 5 may be faired
by the fairing device 4 while the outer surface of the weld
bead 5 becomes solidified, but the interior of the weld
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bead 5 remainsin a molten state. As a further alternative,
the weld bead 5 may be faired by the fairing device 4
while the outer surface of the weld bead 5 is in a half-
solidified state.

[0053] Further, according to the first embodiment, the
distance LA (see FIG. 4) between the first roller surface
43 of the first rotary unit 41 and the second roller surface
44 of the second rotary unit 42 in the thickness direction
of the weld bead 5 varies. Thus, the thickness of the weld
bead 5 can be controlled. When the distance LA is con-
trolled as described above, a forging effect of the weld
bead 5 can be expected. The forging effect of the weld
bead 5 is advantageous in that it preferably increases
the strength of the weld bead 5 and reduces the number
of pinholes in the weld bead 5.

[0054] When the weld bead 5 is formed as described
above, the fairing device 4 properly comes into contact
with the weld bead 5 and fairs the weld bead 5, as sche-
matically shown in FIG. 3 through FIG. 5. In the above
case, as shown in the schematic view of FIG. 3, the first
roller surface 43 of the first rotary unit 41 comes into
contact with a first exposed surface 51 of the weld bead
5, which is a first side surface of the weld bead 5 in the
thickness direction of the weld bead 5. Further, the sec-
ond roller surface 44 of the second rotary unit 42 comes
into contact with a second exposed surface 52 of the
weld bead 5, which is a second side surface of the weld
bead 5 in the thickness direction of the weld bead 5. As
described above, the first and second exposed surfaces
51 and 52 of the weld bead 5 are faired by the fairing
device 4, sothat the presentinvention can provide a good
weld bead 5 having an excellent appearance. During the
fairing of the weld bead 5, as schematically shown in FIG.
3, thefirstroller surface 43 of the first rotary unit 41 comes
into contact with a first surface 14 of the first piece of
sheet material 1, while the second roller surface 44 of
the second rotary unit 42 comes into contact with a sec-
ond surface 24 of the second piece of sheet material 2.
Thus, the thickness of the weld bead 5 can be limited.
[0055] Inthe first embodiment, although the heat input
by the laser beam 7 is lower or higher than a reference
level, the weld bead 5 can be efficiently faired by the
fairing device 4, thus preventing the formation of a hump-
ing bead. As described above, because the formation of
the humping bead in a weld metal zone can be prevented
even when the heat input by the laser beam 7 is higher
than a reference level, the heat input can be increased
toincrease the depth of weld penetration in the weld met-
al zone, increase the strength of the weld bead 5 and
improve the weld reliability of the weld bead 5.

[0056] FIG. 6 schematically illustrates a cross-section
of the weld bead 5 after fairing. As shown in FIG. 6, the
weld bead 5 after fairing is provided with the first exposed
surface 51, which is exposed outwards and faces one
thickness direction of the first piece of sheet material 1,
the second exposed surface 52, which is exposed out-
wards and faces the opposite thickness direction of the
second piece of sheet material 2, and a third exposed
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surface 53, which crosses both the first exposed surface
51 and the second exposed surface 52. Further, the first
and second exposed surfaces 51 and 52 are formed by
extending in the direction of weld penetration (laser beam
applying direction), so that the exposed surfaces 51 and
52 can be viewed by the naked eyes from the outside.
[0057] As schematically shown in FIG. 6, the first ex-
posed surface 51 and the second exposed surface 52 of
the faired weld bead 5 face outwards in opposite thick-
ness directions of the weld bead 5. The first exposed
surface 51 of the weld bead 5 is faired by the first roller
surface 43 of the first rotary unit 41 and is defined to be
flat along the first surface 14 of the first edge 11 of the
first piece of sheet material 1. The second exposed sur-
face 52 of the weld bead 5 is faired by the second roller
surface 44 of the second rotary unit 42 and is defined to
be flat along the second surface 24 of the second edge
21 of the second piece of sheet material 2.

[0058] As described above, the first exposed surface
51 and the second exposed surface 52 of the weld bead
5 are faired by the first roller surface 43 and the second
roller surface 44, respectively, so that the first exposed
surface 51 and the second exposed surface 52 can have
respective traces formed by the first roller surface 43 and
the second roller surface 44. When the traces are con-
cave or convex traces, it is possible to increase the
strength of adherence of paint after painting.

[0059] According to the first embodiment, as shown in
the schematic view of FIG. 6, the first exposed surface
51 of the weld bead 5 is defined along a line extending
the first surface 14 of the first edge 11 of the first piece
of sheet material 1. Further, the second exposed surface
52 of the weld bead 5 is defined along a line extending
the second surface 24 of the second edge 21 of the sec-
ond piece of sheet material 2.

[0060] In other words, when the thickness of the first
piece of sheet material 1 is set to t1, and the thickness
of the second piece of sheet material 2 is set to t2, the
first exposed surface 51 of the weld bead 5 is defined
within a range of t1/5 millimeters inside or outside the
line extending the first surface 14 of the first edge 11 of
thefirst piece of sheet material 1 in the thickness direction
of the weld bead 5. Further, the second exposed surface
52 of the weld bead 5 is defined within a range of t2/5
millimeters inside or outside the line extending the sec-
ond surface 24 of the second edge 21 of the second piece
of sheet material 2 in the thickness direction of the weld
bead 5.

[0061] In the first embodiment, the depth of weld pen-
etration of the weld bead 5 can be increased by increas-
ing the heat input by the laser beam 7, so that, when the
depth of weld penetration of the weld bead 5 is set to HA
mm, and the thickness of the first edge 11 of the first
piece of sheet material 1 is set to t1 mm, the ratio of HA
to t1 (HA/t1) can be determined in the range of 4 to 13,
particularly, in the range of 4 to 11 or the range of 4 to 8.
Thus, the ratio of the depth of weld penetration of weld
bead 5 to the thickness of the first piece of sheet material
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lisdetermined as a large ratio. The increase in the depth
of weld penetration of the weld bead 5 cannot be accom-
plished through a conventional welding technique.
[0062] Further, according to the first embodiment,
when the width of the weld bead 5 in the thickness direc-
tion of the weld bead 5 is denoted by W (see FIG. 6), the
relationship between W and t1 may be expressed as
W=tl. When t1+t2=t3, the width W may be expressed
as W=t3 or W=t3. Thus, W/t3 is determined within the
range of 0.85to 1.15, particularly, arange of 0.95 to 1.05.
[0063] As described above, the weld bead 5, having
the increased depth of weld penetration, can firmly weld
the first edge 11 of the first piece of sheet material 1 and
the second edge 21 of the second piece of sheet material
2together. Therefore, itis possible to produce a container
900 (see FIG. 9), which has achamber 901 defined inside
the first piece of sheet material 1 and the second piece
of sheet material 2.

[0064] As described above, according to the first em-
bodiment, the first rotary unit 41 and the second rotary
unit 42, which constitute the fairing device 4, fair the weld
bead 5, thus preventing the formation of a humping bead.
Thus, even if the heat input by a laser beam is lower or
higher than a reference level, a humping bead is prevent-
ed from being formed during a welding process.

[0065] Inthe embodiment, the formation of a humping
bead can be prevented even when the heat input by the
laser beam is higher than a reference level. Thus, the
heatinput can be increased in order to increase the depth
of weld penetration of the weld bead 5 and improve the
weld reliability of the weld bead 5. Further, unlike a con-
ventional welding technique, the embodiment of the
present invention can provide an increased ratio (HA/t1)
of the depth HA of weld penetration of the weld bead 5
to the thickness t1 of the first piece of sheet material 1.
[0066] Further, the first exposed surface 51 and the
second exposed surface 52 of the faired weld bead 5 are
exposed outwards, so that it is possible to observe the
depth of weld penetration of the weld bead 5 from the
outside with the naked eyes, or using an image pickup
device, thus desirably increasing the weld strength and
weld reliability of the weld bead 5. Particularly, according
to the first embodiment, the thickness of the weld bead
5 is determined as the sum total t3 of the thicknesses t1
and t2 of the first edge 11 of the first piece of sheet ma-
terial 1 and the second edge 21 of the second piece of
sheet material 2. Thus, the weld bead 5 has a desired
thickness, increasing the strength of the weld bead 5 and
thus increasing the reliability of the weld bead 5, and
improving the appearance of the weld bead 5.

[0067] According to the first embodiment, although the
weld bead 5 is somewhat deformed, both the first roller
surface 43 of the first rotary unit 41 and the second roller
surface 44 of the second rotary unit 42 of the fairing de-
vice 4 can quickly fair the deformed weld bead 5. Thus,
when a step is defined between the first end surface 13
(see FIG. 1) of the first edge 11 of the first piece of sheet
material 1 and the second end surface 23 of the second
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edge 21 of the second piece of sheet material 2 before
the laser beam 7 is applied to the overlapping edges 11
and 21, a weld bead 5 may be formed in a course to
compensate for the effect of the step. In the above state,
a good weld bead 5 can be formed. Further, the heat
input by the laser beam in the welding method according
to the present invention can be increased, as described
above, so that, when a step is defined between the over-
lapping edges, the weld bead 5 can be formed in the
course to compensate for the effect of the step. Thus,
the present invention greatly increases the freedom of
welding conditions.

[0068] Further, while welding, the heat input position
of the laser beam 7 can be moved the direction of the
arrow X1 (welding direction) relative to the first piece of
sheet material 1 and the second piece of sheet material
2, thus continuously welding the pieces 1 and 2 together.
In the above state, when the fairing device 4 follows the
movement of the heat input position of the laser beam 7
relative to the first and second pieces of sheet material
1 and 2 such that the fairing device 4 is moved relative
to the first and second pieces of sheet material 1 and 2,
the weld bead 5 can be continuously faired. Thus, the
productivity of welded products can be increased and the
production cost of the welded products can be reduced.
[0069] According to the first embodiment, the weld
bead 5, whichisin ahightemperature state, can be quick-
ly cooled both by the first roller surface 43 of the first
rotary unit 41 and by the second roller surface 44 of the
second rotary unit 42 of the fairing device 4. Thus, the
oxidation of the weld bead 5 is restricted, thus improving
the anticorrosion property of the weld bead 5. Therefore,
it is preferred that both the first roller surface 43 of the
first rotary unit 41 and the second roller surface 44 of the
second rotary unit 42 be made using a high conductive
metal, for example, copper or a copper alloy.

[0070] (Experimental Example)

[0071] FIG.7isaphotographillustratingthe cross-sec-
tion of a weld bead according to an experimental example
of the first embodiment of the present invention. The
welding conditions in the experimental example are set
as follows: the laser source is a YAG laser, the laser
output power is 4.5kW, the diameter of beam concentra-
tion is 0.6mm, and the material of the first and second
pieces of sheet material 1 and 2 is stainless steel. Further,
the thickness of the first piece of sheet material 1 is
0.6mm, the thickness of the second piece of sheet ma-
terial 2 is 0.6mm, the welding speed is 3m/min, and the
distance L1 is 8mm. Further, the material of the first and
second rotary units 41 and 42 is a copper alloy, the outer
diameter of the first rotary unit 41 is 45mm, and the outer
diameter of the second rotary unit 42 is 45mm. In the
experimental example, the depth HA of weld penetration
of the weld bead 5 is 3.8mm, so that HA/t1 = 3.8mm/
0.6mm = 6.3.

[0072] According to the experimental example, the ra-
tio (HA/t1) of the depth of weld penetration of the weld
bead 5 to the thickness of the first piece of sheet material
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can be set to a large ratio. Further, when the width of the
weld bead 5 in the thickness direction of the weld bead
5 is denoted by W, and the width W is about 1.2mm, the
relationship between the width W and the thickness t1 is
expressed as W=t1 and W=t1x2.

[0073] As shown in the photograph of FIG. 7, the first
exposed surface of the weld bead is exposed outwards,
and is defined along the line extending the first surface
ofthe firstedge of the first piece of sheet material. Further,
the second exposed surface of the weld bead is exposed
outwards, and is defined along the line extending the
second surface of the second edge of the second piece
of sheet material.

[0074] Second Embodiment

[0075] FIG. 8 through FIG. 10 are views schematically
illustrating a second embodiment of the present inven-
tion. The basic construction of the second embodiment
remains the same as that of the first embodiment, thus
providing the same operational effect as that of the first
embodiment. Hereinbelow, the second embodiment will
be described based on the differences from the first em-
bodiment. As shown in FIG. 10, the fairing device 4 ac-
cording to the second embodiment comprises a first ro-
tary unit41, having afirstflat roller surface 43 (first contact
surface), and a second rotary unit 42, having a second
flat roller surface 44 (second contact surface). The first
rotary unit 41 is rotatably held in a first support 46, while
the second rotary unit 42 is rotatably held in a second
support 47. In the second embodiment, both the first ro-
tary unit 41 and the second rotary unit 42 are configured
as driven type units, which are not connected to a drive
motor, thus being idly rotatable. Further, the first rotary
unit 41 and the second rotary unit 42 have the same
diameter. The central axis P1 of the first rotary unit 41 is
parallel to the central axis P2 of the second rotary unit
42 in a horizontal direction.

[0076] To weld pieces of sheet material together ac-
cording to the second embodiment, as shown in FIG. 8,
the first and second pieces of sheet material 1 and 2 are
placed horizontally such that the first edge 11 of the first
piece of sheet material 1 and the second edge 21 of the
second piece of sheet material 2 overlap each other be-
fore a laser beam 7 is applied to the overlapping edges
11 and 21. The first and second end surfaces 13 and 23
of the overlapping first and second edges 11 and 21 of
the first and second pieces of sheet material 1 and 2 form
a level surface. Thus, the laser beam 7 can be evenly
applied to the first and second end surfaces 13 and 23,
thereby increasing the weld strength of the weld bead 5.
However, it should be understood that a step may be
defined between the first end surface 13 and the second
end surface 23.

[0077] AsshowninFIG. 8, a YAG laser beam 7, which
is ahigh energy density beam used as the heating device,
is applied from a laser source 72 to the end surfaces of
the overlapping first and second edges 11 and 21 in a
horizontal direction, thus melting the first and second end
surfaces 13 and 23. Therefore, a molten weld metal 6 is
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formed and solidified, thus forming a weld bead 5 as a
weld metal zone.

[0078] When the laser beam 7 is applied to the hori-
zontally overlapping first and second edges 11 and 21 in
the horizontal direction, the weld bead 5 may sag down-
wards due to gravity, and thus only one rotary unit may
be used to support the weld bead 5 upwards in the second
embodiment. Described in detail, the second rotary unit
42 is placed under the weld bead 5, while the first rotary
unit 41 may be removed from the top of the weld bead
5. In the above state, it is possible to reduce the produc-
tion cost of welded products and simplify the construction
of a welding jig.

[0079] As described above, when the weld bead 5 is
formed, the fairing device 4 is placed on each side of the
weld bead 5 to fair the weld bead 5, as shown in FIG. 10.
In the above state, the first roller surface 43 of the first
rotary unit 41 comes into contact with the first exposed
surface 51 of the weld bead 5, while the second roller
surface 44 of the second rotary unit 42 comes into contact
with the second exposed surface 52 of the weld bead 5.
Because the exposed surfaces 51 and 52 of the weld
bead 5 are faired by the fairing device 4, it is possible to
provide a weld bead 5 having a good appearance. Thus,
even if the heat input by the laser beam is lower or higher
than a reference level, the formation of a humping bead
can be prevented. Because the formation of the humping
bead can be prevented even when the heat input by the
laser beam is higher than the reference level, the heat
input can be increased to increase the welding speed,
increase the depth of weld penetration of the weld bead
and thus improve the weld reliability of the weld bead.
[0080] Inthe second embodiment, it is possible to pre-
vent the formation of the humping bead, so that the heat
input by a laser beam can be increased to increase the
depth of weld penetration and improve the weld reliability
ofthe weld bead 5. Therefore, unlike a conventional weld-
ing technique, the second embodiment of the present
invention can provide an increased ratio (HA/t1) of the
depth HA of weld penetration of the weld bead 5 to the
thickness t1 of the first piece of sheet material 1.

[0081] Third Embodiment

[0082] FIG. 11 is a view schematically illustrating a
third embodiment of the presentinvention. The basic con-
struction of the third embodiment remains the same as
that of the first embodiment, thus providing the same op-
erational effect as that of the first embodiment. Herein-
below, the third embodiment will be described based on
the differences from the first embodiment. In the third
embodiment, the fairing device 4 comprises a first rotary
unit 41, having a first flat roller surface 43 (first contact
surface), and a second rotary unit 42, having a second
flat roller surface 44 (second contact surface). Further,
a release agent spraying unit 90 is placed to spray a
release agent 91 onto both the first roller surface 43 and
the second roller surface 44. In the third embodiment,
the release agent 91 allows easy removal of the first ro-
tary unit 41 and the second rotary unit 42 from the weld
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bead 5. Further, the release agent 91 effectively prevents
the first rotary unit 41 and the second rotary unit 42 from
overheating.

[0083] Fourth Embodiment

[0084] FIG. 12 is a view schematically illustrating a
fourth embodiment of the present invention. The basic
construction of the fourth embodiment remains the same
as that of the first embodiment, thus providing the same
operational effect as that of the first embodiment. Here-
inbelow, the fourth embodiment will be described based
on the differences from the firstembodiment. In the fourth
embodiment, the fairing device 4 comprises a first rotary
unit 41, having a first flat roller surface 43, and a second
rotary unit 42, having a second flat roller surface 44. The
first rotary unit 41 is rotated by a first drive motor 41m,
which is a drive unit supported by a first support 46. In
the same manner, the second rotary unit 42 is rotated by
a second drive motor 42m, which is a drive unit supported
by a second support 47. Further, there may be a differ-
ence in rpm between the first rotary unit 41 and the sec-
ond rotary unit 42. Thus, the fourth embodiment can eas-
ily respond to differences in the length of a weld line be-
tween the first exposed surface 51 and the second ex-
posed surface 52 of the weld bead 5. Further, in the fourth
embodiment, the first rotary unit 41 and the second rotary
unit 42 may sometimes be rotated synchronously.
[0085] Fifth Embodiment

[0086] FIG.13isaview schematically illustrating a fifth
embodiment of the present invention. The basic con-
struction of the fifth embodiment remains the same as
that of the first embodiment, thus providing the same op-
erational effect as that of the first embodiment. Herein-
below, the fifth embodiment will be described based on
the differences from the first embodiment. In the fifth em-
bodiment, the thickness t2 of the second piece of sheet
material 2 is greater than the thickness t1 of the first piece
of sheet material 1. The weld bead 5 is extended and
formed in the direction of the depth of weld penetration
of the weld bead 5. The weld bead 5 has an exposed
surface 51, whichis exposed outwards from the first piece
of sheet material 1. In the above state, the surface 24
(non-welded surface) of the second piece of sheet ma-
terial 2 is exposed at the side opposite the exposed sur-
face 51 of the weld bead 5. As shown in FIG. 13, the first
rotary unit 41 comes into contact with the first exposed
surface 51 of the weld bead 5, while the second rotary
unit 42 comes into contact with the surface 24 of the
second piece of sheet material 2. In the above state, the
weld bead 5 is interposed between the first rotary unit 41
and the second rotary unit 42, so that the first exposed
surface 51 of the weld bead 5 can be properly faired by
the fairing device 4.

[0087] Sixth Embodiment

[0088] FIG. 14 is a view schematically illustrating a
sixth embodiment of the present invention. The basic
construction of the sixth embodiment remains the same
as that of the first embodiment, thus providing the same
operational effect as that of the first embodiment. Here-
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inbelow, the sixth embodiment will be described based
on the differences from the first embodiment. In the sixth
embodiment, the fairing device 4 comprises a first rotary
unit 41, which has a first flat roller surface 43 and is used
for primary fairing of a weld bead 5, and a second rotary
unit 42, which has a second flat roller surface 44 and is
used for primary fairing of the weld bead 5. The fairing
device 4 further comprises a first rotary unit 410, which
has afirstflatroller surface 430 and is used for final fairing
of the weld bead 5, and a second rotary unit 420, which
has a second flat roller surface 440 and is used for final
fairing of the weld bead 5. In the sixth embodiment, the
final fairing is executed after the primary fairing, so that
the weld bead 5 can be effectively faired to realize a good
appearance.

[0089] Seventh Embodiment

[0090] FIG. 15 is a view schematically illustrating a
seventh embodiment of the present invention. The basic
construction of the seventh embodiment remains the
same as that of the first embodiment, thus providing the
same operational effect as that of the first embodiment.
Hereinbelow, the seventh embodiment will be described
based on the differences from the first embodiment. As
shown in FIG. 15, the fairing device 4B comprises a first
endless unit 81B and a second endless unit 85B, which
are placed such that the thickness of the weld bead 5 is
interposed between the two endless units 81B and 85B.
[0091] Thefirstendless unit 81B comprises a first end-
less assembly 82B and a first rotary unit 83B, which acts
as afirst support for supporting the first endless assembly
82B. In the same manner, the second endless unit 85B
comprises a second endless assembly 86B and a second
rotary unit 87B, which acts as a second support for sup-
porting the second endless assembly 86B.

[0092] AsshowninFIG. 15, the first endless assembly
82B comprises a plurality of segments 820, which are
arranged in an endless arrangement and are coupled to
each other, thus forming a caterpillar structure in which
the segments 820 are movable with respect to each oth-
er. The first endless assembly 82B comprises first con-
tact surfaces 84B, which come into contact with the weld
bead 5. In response to the rotation of the first rotary unit
83B, the first endless assembly 82B is rotated while the
first contact surfaces 84B are in contact with the weld
bead 5. The second endless unit 85B has the same con-
struction as that of the first endless unit 81B, and is op-
erated in the same manner as the first endless unit 81B.
[0093] In the seventh embodiment, when a weld bead
5 is formed by the laser beam 7, the fairing device 4B
fairs the weld bead 5, as shown in FIG. 15. In other words,
the first contact surfaces 84B of the first endless assem-
bly 82B come into contact with the first side surface of
the weld bead 5 in the thickness direction of the weld
bead 5. Inthe same manner, the second contact surfaces
88B of the second endless assembly 86B come into con-
tact with the second side surface of the weld bead 5 in
the thickness direction of the weld bead 5.

[0094] Because the weld bead 5 can be faired by the
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fairing device 4B, as described above, the seventh em-
bodiment provides a weld bead 5 having a good appear-
ance. Thus, even if the heat input is lower or higher than
a reference level, the formation of a humping bead can
be prevented. Because the formation of the humping
bead can be prevented even when high heat is input, it
is possible to increase the depth of weld penetration, in-
crease the strength of the weld bead 5 and, at the same
time, improve the weld reliability of the weld bead 5 by
increasing the heat input.

[0095] Other Embodiments

[0096] In the first embodiment, the rotary units 41 and
42, which constitute the fairing device, compress the en-
tire length of the weld bead 5 in the bead height direction.
However, part of the overall length of the weld bead 5 in
the bead height direction (for example, at least 40% or
at least 50% of the overall length of the weld bead 5 in
the bead height direction) may be compressed by the
rotary units 41 and 42, without affecting the functioning
of the present invention. While the invention has been
shown and described with respect to the preferred em-
bodiments, it will be understood by those skilled in the
art that various changes and modifications may be made
without departing from the spirit and scope of the inven-
tion as defined in the following claims.

INDUSTRIAL APPLICABILITY

[0097] As apparent from the above description, the
present invention is preferably used in the production of
welded products or in welding methods. Particularly, the
present invention is preferably used in producing welded
products using a heating device, for example, high en-
ergy density beams, such as laser beams, or in welding
methods.

Claims
1. A welding method, comprising:

butting first and second object pieces together;
heating the butted first and second object pieces
using heating device, thus forming a weld metal
zone; and

placing fairing device such that the fairing device
comes into contact with the weld metal zone and
fairs the weld metal zone.

2. The welding method according to claim 1, wherein
the heating device is selected from the group con-
sisting of high energy density beams, electric arcs,
electric currents and gases.

3. Thewelding method accordingto claim 1 or 2, where-
in each of the first and second object pieces com-
prises a sheet material.
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The welding method according to any one of claims
1 through 3, wherein the fairing device is placed be-
hind a part of the butted first and second object piec-
es, heated by the heating device, in a welding direc-
tion.

The welding method according to any one of claims
1 through 4, wherein the fairing device comprises a
compression unit having a contact surface that
comes into contact with the weld metal zone.

The welding method according to claim 4, wherein
the compression unit comprises a first compression
unit and a second compression unit, the first and
second compression units being contactable with
the weld metal zone such that the weld metal zone
is interposed between the first and second compres-
sion units.

The welding method according to claim 6, wherein
atleast one of the firstand second compression units
comprises a rotary unit having a contact surface that
comes into contact with the weld metal zone.

The welding method according to any one of claims
1 through 7, wherein the fairing device comprises:

an endless assembly having a contact surface
that comes into contact with the weld metal
zone, the endless assembly for being rotated
with the rotary unit of the compression unit while
the contact surface of the endless assembly
comes into contact with the weld metal zone;
and

a support for supporting the endless assembly.

The welding method according to any one of claims
1 through 8, wherein a distance between the part of
the butted first and second object pieces heated by
the heating device and the fairing device is capable
of being varied.

The welding method according to any one of claims
1 through 9, wherein the weld metal zone comprises
two exposed surfaces facing opposite directions and
exposed outwards.

The welding method according to any one of claims
1 through 9, wherein the first object piece comprises
a first piece of sheet material, and the second object
piece comprises a second piece of sheet material,
wherein an edge of the first piece of sheet material
and an edge of the second piece of sheet material
overlap each other.

The welding method according to claim 11, wherein,
a depth of weld penetration of the weld metal zone
is set to HA millimeters and a thickness of the first
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13.
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15.

16.

17.
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19.
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piece of sheet material is set to t1 millimeters,
HA/t1=2 to 20, so that a ratio of the depth of weld
penetration of the weld metal zone to the thickness
of the first piece of sheet material is large.

The welding method according to claim 11 or 12,
wherein the weld metal zone comprises:

a first exposed surface exposed outwards and
facing one thickness direction of the first piece
of sheet material; and

a second exposed surface exposed outwards
and facing an opposite thickness direction of the
second piece of sheet material.

The welding method according to claim 11 or 12,
wherein the weld metal zone comprises an exposed
surface exposed outwards and facing outwards from
one of the first piece of sheet material and the second
piece of sheet material, wherein a remaining one of
the first piece of sheet material and the second piece
of sheet material is exposed at a side opposite the
exposed surface of the weld metal zone.

The welding method according to claim 14, wherein,
when the thickness of the first piece of sheet material
issettotl, the first exposed surface of the weld metal
zone is defined within a range of t1/5 millimeters in-
side or outside a line extending a surface of the first
piece of sheet material in the thickness direction of
the weld metal zone, and the second exposed sur-
face of the weld metal zone is defined within a range
of t1/5 millimeters inside or outside a line extending
a surface of the second piece of sheet material in
the thickness direction of the weld metal zone.

The welding method according to claim 14 or 15,
wherein the first exposed surface of the weld metal
zone is defined along the line extending the surface
of the first piece of sheet material, and the second
exposed surface of the weld metal zone is defined
along the line extending the surface of the second
piece of sheet material.

A weld fairing apparatus, comprising:

fairing device for fairing a weld metal zone,
formed by heating butted first and second object
pieces using heating device, the fairing device
comprising a contact surface for coming into
contact with the weld metal zone.

The weld fairing apparatus according to claim 17,
wherein the fairing device comprises a compression
unit having a contact surface for coming into contact
with the weld metal zone.

The weld fairing apparatus according to claim 17 or
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18, wherein the compression unit comprises a first
compression unit and a second compression unit,
the first and second compression units being con-
tactable with the weld metal zone such that the weld
metal zone is interposed between the first and sec-
ond compression units.

The weld fairing apparatus according to claim 19,
wherein a distance between the first compression
unit and the second compression unit in a thickness
direction of the weld metal zone is capable of being
varied.

The weld fairing apparatus according to claim 19 or
20, wherein at least one of the first and second com-
pression units comprises a rotary unit having a con-
tact surface that comes into contact with the weld
metal zone.

The weld fairing apparatus according to any one of
claims 17 through 21, wherein the fairing device
comprises:

an endless assembly having a contact surface
that comes into contact with the weld metal
zone, the endless assembly for being rotated
with the rotary unit of the compression unit while
the contact surface of the endless assembly
comes into contact with the weld metal zone;
and

a support for supporting the endless assembly.

The weld fairing apparatus according to any one of
claims 17 through 22, wherein a distance between
the part heated by the heating device and the fairing
device is capable of being varied.
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